Introduction
In Brazil, the neonatal component of the infant mortality rate remains higher than the post-neonatal one and most of deaths occur in the first seven days of life (early neonatal period). At that stage breathing problems are a major cause of death especially among preterm newborns. In these newborns, lung immaturity determines deficiency of surfactant, a substance responsible for reducing the surface tension within the alveoli that prevents collapse at low lung volumes 1 . The use of exogenous surfactant is indicated for preterm newborns with established or presumed diagnosis of respiratory distress syndrome (RDS) 2, 3 because it reduces mortality, disease severity and complications due to RDS. Advantages related to the use of this technology are well established in the literature. It is known that newborns with RDS receiving treatment with surfactant have reduced risk of pneumothorax, pulmonary interstitial emphysema, death and bronchopulmonary dysplasia or death (in combination) in comparison to those who do not receive this treatment 4 . In a systematic review conducted in 2008, Soll e Morley 5 have shown that the effectiveness of this technology was linked to the precocity of its use, and that best effects were obtained with its prophylactic use, especially in the delivery room. However, in an updated version of the same review with inclusion of more recent trials and more robust samples, Rojas-Reyes et al. 6 demonstrated that these results were not maintained when more recent practices like routine use of antenatal maternal steroids and stabilization with CPAP (Continuous Positive Airway Pressure) in the delivery room had been used. However, it has been demonstrated that early therapeutic surfactant administration (in the first two hours of life) leads to a decreased risk of acute lung injury, neonatal death and chronic lung disease compared to delayed treatment in children with well established diagnosis of RDS 7,8. Despite effectiveness and safety of surfactant therapy having been well established 9 , its use presents variations in Neonatal Intensive Care Units (NICU) of different states, regions and countries, which can be due to different protocols regarding its use, what may lead to distinct clinical outcomes 10 . Kaplan et al. 11 in 2011 in Cincinnati, US, found a surfactant use rate of 46% among 3,633 preterm infants with RDS in 16 different hospitals, demonstrating large variations between them. Higher usage levels were associated with factors linked to individual characteristics (being Caucasian or male) as well as with factors linked to the institution (hospitals with higher numbers of hospitalizations of extremely low birth weight newborns per year had higher usage rates). Similarly, Howell et al. in 2010 12 reported an association between non-receipt of this technology and individual (being of Afro-American origin or having high birth weight) as well as institutional characteristics (the children's birth hospital).
In recent years, in Brazil, only Rebello et al. 13 and Menezes et al. 14 reported exogenous surfactant use rate. Rebello found a 39.1% surfactant use rate among newborns < 1500 g at birth and Menezes reported a 51.8% rate in newborns with a mean birth weight of 1365 ± 283g. However, the authors did not investigate determinants of use of this technology.
Determining the role of institutional (related to the hospital) and individual (maternal and newborn characteristics) factors regarding the use of replacement therapy with exogenous surfactant in newborns with hyaline membrane disease are important to the implementation of public policies and establishing effective routines in the treatment of RDS and has not been investigated to date in Brazil. Thus, this study aimed to identify institutional and individual factors associated with use of this technology in 16 public Brazilian NICU, using multilevel analysis, a type of regression that takes into account the hierarchical structure of data.
Methods
We conducted a sectional study using the database of the research "Evaluation of the results of neonatal care from the perspective of humanized care for newborns with low birth weight -Kangaroo Mother Care" held from March/2004 to March/2005. The Ministry of Health/Pan American Health Organization (PAHO) funded the research. Sixteen public Brazilian Neonatal Units participated in the study. Twelve units were located in the Southeast, two in the South and two in the Northeast region.
The units were selected according to the original research. The selection was based on the 8 hospitals affiliated to the Brazilian Neonatal Research Network at the time, who did not use the Kangaroo Mother Care method, and were considered public centers of excellence in Brazil. The other eight units had deployed the Kangaroo Method and were considered national reference units for the KMC.
In the original study, all newborns with birth weight between 500 and 1749 g were included, for 1,429 individuals over a period of one year. Those with major malformations, congenital infection of the TORCH (toxoplasmosis, rubella, cytomegalovirus, herpes and syphilis) group, chromosomal abnormalities, metabolic syndromes, severe perinatal encephalopathy or necrotizing enterocolitis requiring surgery were not included.
A sample of newborns with RDS was selected for this study (630 newborns from 1,429 of the original sample). The diagnosis was determined by gas analysis, radiological and clinical signs of respiratory distress. Patients were considered to present RDS if they presented PaO2 < 50-mmHg or central cyanosis in room air or needed supplemental oxygen to maintain their PaO2 > 50 mmHg and a chest X-ray showing small lung volume and a reticular granular appearance with air bronchogram.
Local teams were trained with an instruction manual designed by the researchers. The coordinators of the fieldwork supervised data collection to assure quality control. Data for each newborn were collected using tested instruments (Vermont-Oxford Network modified questionnaire). The outcome variable was surfactant use up to two hours of life. Variables related to hospital characteristics (contextual effects) were complexity of unit classification, number of beds in each unit and existence of the second stage of kangaroo mother care (intermediate care unit in which the mothers remain 24 hours alongside their children, participating in their care and using the kangaroo position).
Units were categorized by the Vermont Oxford Network classification, 2002 15 , into less complex (3a -units that have capacity to take care of newborns with birth weight > 1000 g and greater than 28 weeks gestational age, and are able to promote limited life support and conventional ventilator support, and perform minor surgical procedures) or more complex (3b -units capable of taking care of infants < 1000g or < 28 weeks gestational age, and able to provide advanced respiratory support, which have clinical and surgical specialties, access to imaging and major surgical procedures).
Maternal variables were education (illiterate, primary, secondary and complete or incomplete high education levels) and prenatal care (yes if at least two visits were taken). Newborn variables were gestational age (estimated by the last menstrual period and treated as a continuous variable), disease severity index (Score for Neonatal Acute Physiology Perinatal Extension, version II -SNAPPE-II -categorized into < 11, 11-23, 24-32, 33-50, > 51) 16 , weight for gestational age classification (AGA-appropriate for gestational age, SGA -small for gestational age or LGA -large for gestational age -taking into account Battaglia and Lubchenco's intrauterine growth curve 17 ). Data were analyzed using the statistical package Stata 12. Multilevel logistic regression with two explanatory levels was performed: Level 1 -institutional factors (hospital -contextual effect) and Level 2 -individual factors (characteristics of mothers and newborns) 18 . The choice of variables that entered the initial model was made using a theoretical model of causality. This model included variables related to the mothers (education level and prenatal visits) and newborns (clinical severity, gestational age and SGA classification) ( Figure 1 ). In this analysis six regression models were used, in which the associations between hospital/unit and newborn/mother characteristics and exogenous surfactant therapy use were estimated. In the first model only influences of the hospital/unit variables (contextual effect) were estimated. In the second, all individual variables were added to the model and the contextual effect of the entry of these variables in the model was estimated. In the third, only the individual variables with p-value < 0.20, in addition to the contextual effect, were retained in the model. From the fourth to sixth models the variables related to hospital/unit were added to the models one at a time following the sequence: having the second stage of the Kangaroo Method implemented, hospital complexity and the number of hospital beds. This sequence was performed in order to verify the contribution of each of these 
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Surfactant use variables for the intraclass correlation coefficient (rh), which measures the contextual effect. As each hospital/unit characteristics were included in the model the variation of the coefficient was checked out. This procedure made it possible to measure the specific contribution of each variable to the contextual effect. The magnitudes of the adjusted risk of each individual and contextual variable in relation to the outcome were verified in the last model by calculating the OR values and their confidence intervals. Differences in surfactant use according to each unit were measured by the residuals of an intercept only multilevel model. In this model the value of the intercept β0 represents the effect of an "average" unit on the probability of surfactant use, while the residuals represent deviations of each unit in relation to this overall average. Variations in surfactant use in each of the surveyed units are shown in a caterpillar plot, ordered from the hospital with the lowest to the highest use, along with 95% confidence intervals of the probability of surfactant use for each unit.
As the values were standardized, so the overall average was zero.
The study was approved by the Ethics Committee in Research of each of the units involved.
Results
Among the 630 infants with RDS, four had no information about the use of surfactant. Sixty-two point five percent of the studied units were classified as less complex (3a) and just over a half, 57.5% had less than 15 beds.
In Table 1 absolute and relative frequencies or mean ± standard deviation of individual and institutional characteristics are shown.
Most of mothers (62.6%) were between 20 and 34 years old and 40.8% had incomplete primary education. At least two antenatal consultations were held by 76.2% of mothers and 51.7% had vaginal delivery. Among the infants with RDS, 84.4% weighed < 1500 g at birth, 99.2% were preterm, 51% had severity index SNAPPE II ≤ 23 and just over half of them (50.5%) were classified as SGA.
Among the 626 infants analyzed, 82.6% have been given exogenous surfactant at some time. Among the newborns (NB) for which there was information on the site of use (599), 7.5% were administered surfactant in the delivery room. Only 24.7% made early use of this technology (up to two hours after birth). An intraclass correlation coefficient (ICC) of 0.30 was found. This means that 30% of the variance in the use of exogenous surfactant can be assigned to the context level (hospital/unit). The total contextual effect was explained by three institutional variables used in the analysis. The variable "having Kangaroo Mother Care implemented" contributed to 15% of the variance, as the ICC value fell from 30% to 15% when this variable was introduced in the model without the other institutional variables (model 4). The contextual effect dropped from 15% to 10% when the variable "level of complexity of the unity" was added to the model. Thus, this variable was responsible for 5% of the total effect (model 5). The coefficient dropped to zero when the variable "number of beds in the unit" was added to the model (model 6) meaning that this variable contributed to explain 10% of the overall contextual effect ( Table 2) .
The probability of surfactant use in the sixteen hospitals is shown in Figure 2 . There was great variation in the use of this technology between units, some of them showing intensive use while others used surfactant more restrictedly. Three units had significantly below-average performance, while one showed above average performance ( Figure 2 ).
Discussion
Variables related to the institutions, specifically to the neonatal units, were important to explain the use of exogenous surfactant in the first two hours of life in infants with RDS in sixteen Brazilian NICU. The size of this importance is demonstrated by the intraclass correlation coefficient of 0.30, i.e. 30% of the outcome can be explained by factors related to the hospitals (con-textual effect). The presence of kangaroo mother care, especially in those units located in the state of Rio de Janeiro, was able to explain half of the contextual effect. With regard to factors related to individuals (mothers and children), those NB with greater disease severity in the first 12 hours of life tended to get more surfactant while small for gestational age infants were less likely to receive surfactant.
The contribution of institutional (hospital) and individual factors to explain the use of the exogenous surfactant replacement therapy was explored by Kaplan et al. 11 , in 2011, also using multilevel analysis. The authors found positive associations with an institutional factor, the rate of annual admissions of extremely low birth weight newborns, and also with some individual factors: white race, male sex, low gestational age and mechanical ventilation in the early hours of hospitalization. However, these authors did not provide the intraclass correlation coefficient, which measures the contribution of the contextual factor to explain the probability of surfactant use. Institutional factors used in Kaplan's model were different from those selected in this study. The admission rate, involvement of the hospital with research, number of surgeries performed and type of funding formed the set of hospital variables in Kaplan's study, whereas in our study we used the number of beds, the degree of complexity of the NICU and implementation of Kangaroo Mother Care. Despite the differences, the two studies accounted for the existence and highlighted the importance of factors linked to two levels of influence (contextual and individual factors) on the use of this technology.
Howell et al. 12 also demonstrated the contribution of both individual (ethnic group of children), and institutional factors (hospital where children were born), on the use of replacement therapy with exogenous surfactant, but they did not calculate the specific contribution of each factor.
In the present study, we found a contextual effect (pertaining to institutional factors), estimated by the intraclass correlation coefficient (rho) of 0.30, which means that 30% of the variance in the use of exogenous surfactant can be attributed to the contextual level. The factor with the greatest contribution to explain the effect of the contextual factor on surfactant use was to be admitted to a NICU of the Rio de Janeiro state, with Kangaroo Mother Care deployed. Probably this was because there was great organizing effort in these units for the implementation of the Kangaroo method at the time of data collection. This action was strongly recommended by the Brazilian Ministry of Health and included the implementation and compliance to protocols during hospitalization, like the use of exogenous surfactant 19 . Another institutional factor associated with the surfactant use was the number of beds in the neonatal unit. Greater number of beds was associated the greater likelihood of use of this technology. Some authors show better birth outcomes in neonatal units with higher number of admissions per year 20 . Kaplan et al. 11 have shown that more hospitalizations per year were associated with more intense use of surfactant therapy. It is possible that units with more beds and more admissions per year show better organization and more appropriateness in running protocols. There is evidence of a relationship between higher volume of patients treated in the NICU and better performance and, probably it is a result of greater acquisition of expertise in the care provided 20, 21 . In the present study, the individual factors clinical severity or weight for gestational age classification, in addition to contextual characteristics, were also strongly associated with surfactant use. Newborns with greater disease severity were more likely and SGA NB were less likely to receive the therapy. This result for SGA infants was somewhat unexpected since all infants had RDS and thus have the indication of receiving surfactant. In addition, some authors like Giapros et al. 22 , in 2012, reported that this kind of infants are at higher risk of dying or present adverse pulmonary outcomes such as bronchopulmonary dysplasia (BPD).
This study had some limitations. Some important contextual variables were not collected, since an already existing database had been used. The sample was not probabilistic and, although covering individual units from various regions, it did not allow inferences to the population of these regions to be made. In addition, due to the cross-sectional design it was not possible to verify causal associations between variables. As we considered only the use of surfactant in the first two hours of life the study addressed only the optimal use of this therapy. Therefore, infants who received surfactant after the first two hours were considered to have not received this therapy, since surfactant use after two hours is associated with poorer outcomes 7, 8, 9, 10 . On the other hand this research brought upon important contributions. The sample size was sufficient to identify some associations and the presence of neonatal units of various regions of the country allowed a broader view of the object studied. Finally, the use of multilevel analysis greatly contributed to the understanding of the involvement of contextual and individual factors in the use of this technology in neonates affected by neonatal RDS. In addition, the article fills an important gap in the Brazilian public health evaluation, since there are few studies assessing technology use in high complexity hospitals.
Conclusions
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